The competition between two substances for tubular excretion has been demonstrated repeatedly with orthodox clearance techniques. Smith, Goldring, and Chasis (1) found that raising the plasma concentration of diodrast depressed the excretion of phenol red. They concluded that both substances were excreted by the same mechanism. Similarly, it has been reported that intravenously administered diodrast (2) or PAH (3) retard the excretion of penicillin, that hippuric acid depresses the tubular excretion of glucuronic acid derivatives in the chicken (4) , and that the amide of methyl-nicotinic acid depresses the tubular excretion of guanidine (5) . Recently , it has been demonstrated that PAH in sufficient concentrations excludes phenol red from the cells or lumen of fish tubules suspended in appropriate salt solutions (6) .
Smith, Finkelstein, Aliminosa, Crawford and Graber (7) found that diodrast and PAH given simultaneously had approximately the same renal clearance in man when the plasma concentration of both was low. They concluded that the two substances were excreted by the same mechanism. In none of these previous studies has the simultaneous renal extraction of the examined substances been investigated by analysis of renal vein blood. In fact, although it has been reported that renal extraction of diodrast is lower than that of PAH (8) , there have been no published reports of simultaneous measurements of extraction of the two substances.
In the present study, the renal percentage extraction (E) and the tubular excretion (T) of diodrast and PAH in man were simultaneously compared in experiments during which the plasma 'The investigation was aided by grants from the Swedish Medical Research Council and the foundation "Therese och Johan Anderssons Minne." concentration of one or both was varied over wide limits. By "renal extraction," E, is meant the percentage of a solute removed from the plasma during the passage of blood through the kidneys. Thus, E Ac-Vc. 1OO Ac where Ac is the concentration of a solute in the arterial plasma and Vc is the concentration of the same solute in the renal venous plasma. By the tubular excretion, T, is meant the difference between the total amount of a solute excreted per minute in the urine and the amount of this solute filtered through glomeruli. The filtered quantity is calculated as the product of the inulin clearance and the filterable fraction of the plasma diodrast or PAH, which generally are considered to be 73 and 83 per cent of the total plasma concentrations, respectively.
MATERIAL AND METHODS
Seventeen healthy young volunteers-medical students and nurses-were studied in the morning in the postabsorptive state. In fifteen of the experiments, a Goodale catheter was placed in the right renal vein under fluoroscopic control. An indwelling needle was placed in a brachial artery and a catheter placed in the bladder. After each clearance period the bladder was emptied and rinsed twice with distilled water and subsequently with air. At the beginning and end of each clearance period, blood samples were simultaneously collected from the brachial artery and the renal vein, transferred to heparinized tubes, and centrifuged within 5 minutes.
In experiments 1 and 2 (Table I, Figure 1 ), by first giving an intramuscular injection of PAH, a low and comparatively steady plasma concentration was achieved (9) . After one or two control periods, by giving an intramuscular injection of diodrast,2 a low and fairly 2We are indebted to A. B. Astra Co., Sodertalje, steady plasma concentration of this substance was also attained (10) . When the simultaneous excretion of the two substances had been observed for a sufficient time at these low plasma concentrations, the diodrast concentration was increased by giving a constant intravenous infusion until one or two more periods had been concluded.
In experiments 3 and 4 (Table I, Figure 1 ), the experimental design was the same but the order in which the substances were given was reversed, diodrast being given first and at low concentrations only.
In the experiments 5 to 9 (Table II) , both substances were given simultaneously in equimolecular quantities. In experiment 5 ( Figure 2 ), intramuscular injections were supplemented by constant, sustained intravenous infusions of both. At first, only a comparatively high concentration was effected, followed by a very high one of both substances. In experiments 6 to 9 (Table II) , PAH and diodrast were given in equimolecular amounts by intravenous infusion only. Thus, initially, the concentrations were comparatively high and subsequently very high. In experiments 6 and 7, the renal vein was not catheterized.
In eight other experiments (Table III) , a comparison was made between the simultaneous renal extractions, E, and clearances, Cl, of diodrast and PAH at low plasma concentrations only, which were sustained by simultaneous intramuscular injections.
In five experiments, the influence of the time interval between sampling and centrifugation was studied by a method similar to that described by Phillips, Dole, Hamilton, Emerson, Archibald, and Van Slyke (11) .
A large renal venous blood sample was drawn rapidly in subjects given both PAH and diodrast. An aliquot of each sample was centrifuged within 40 to 80 seconds and others after longer intervals up to 20 min. By using an angle centrifuge with accelerations up to 8,000 r.p.m., the blood was separated in a few seconds so that the time of centrifugation was negligible. Then, the plasma was analyzed for diodrast and PAH by the usual method, slightly modified for the small concentrations. The details of the methods used, abbreviations and calculations, are described in previous publications from this laboratory (12, 13, 14) . Table I contains the interpolated concentration in arterial blood plasma (A,), the interpolated renal extraction (E), the renal clearance (Cl), the estimated renal plasma flow ("RPF") and the tubular excretion (T) for both PAH and diodrast for the experiments, in which the concentration of only one substance was increased. In Figure 1 , the corresponding actual extraction values and arterial plasma concentrations are presented. It is evident that when the concentration of both was low, the extraction of diodrast was slightly lower than that of PAH. When the concentration of either test substances was increased, the extraction of both decreased, although the arterial content of the other was actually lower than during the control period.
RESULTS
In Table II and Figure 2 , the results obtained during administration of high, equimolecular concentrations of PAH and diodrast are presented. When the concentrations were increased, there generally was a parallel fall in the extraction of both substances. When calculated on the usual basis of a filterability of 83 per cent for PAH and 73 per cent for diodrast, the tubular excretion, T, did not remain constant. The ratio T/Ac for PAH and diodrast is included as a comparative index of affinity for tubular excretion in the mutual competition.
In Table III Figure 3) . However, the shift during the first 40 seconds, which we were unable to study, may have been considerable. subject to error from several sources. Because T represents the small difference between the large amounts filtered and the larger total urinary excretion, analytical errors are of great significance. Variations in the percentage of the plasma diodrast or PAH filterable through the glomerular membranes are probably of even greater significance. In experiments on ultrafiltration of fresh human plasma containing high concentrations of diodrast and PAH, we have obtained filterability factors which vary from 1 to 5 per cent in both directions from the classical figures of 73 per cent and 83 per cent. However, because in some experiments the filterable fraction slowly decreased, it may be that the duration of ultrafiltration is of some influence, since filtration in the capsula of Lavietes or in the centrifuged cellophane bag of Rehberg (15) took 5 to 10 hours. Moreover, filterability varied with the age of the sample. In some subjects, the changes did not exceed 1 to 2 per cent, but occasionally, after 24 hours, we found 2 to 6 per cent decreases in the ultrafilterability, and, at times, after 48 hours, decreases as great as 10 per cent. However, in fresh plasma, the proportion between the ultrafilterability of diodrast and of PAH remained reasonably steady. ;. An When calculated in terms of molecules, the Tvalues for diodrast and PAH were essentially the same when plasma concentrations were below the saturation limit; i.e., the proportion between the tubular excretion and the arterial plasma concentration, T/AC, was of the same order of magnitude for both substances (Table I) . However, at plasma concentrations above the saturation limit, the tubular excretion of diodrast exceeded that of PAH; i.e., its T/AC ratio was higher even if it were assumed that both substances were completely filterable.
The data in Table III demonstrate that at low plasma concentrations the renal plasma flow, calculated on the basis of diodrast, was significantly higher than the corresponding PAH value, although there was no significant difference between the corresponding clearances.
At low plasma concentrations, the ratio of diodrast extraction to PAH extraction was slightly below 1 and remained remarkably steady, whereas the corresponding clearance ratio was above 1 but had a high standard variation. When the plasma concentration of both substances was very high, the percentage extractions were nearly identical, with a few exceptions (Table II) . If the arterial plasma concentration of one of the substances was maintained at a constant low level when the concentration of the other was suddenly increased, there resulted simultaneous and equivalent depression of both EPAH and ED (Table I ). The fact that these substances mutually depressed each other's tubular excretion indicates that either they are excreted by the same transferring mechanism, as postulated by Smith, Finkelstein, Aliminosa, Crawford, and Graber (7), or that the energy required for their excretion is provided by a common source. The fact that at higher plasma concentrations more molecules of diodrast than of PAH are excreted should result in a higher renal extraction for diodrast than for PAH under these conditions. However, the anticipated difference may be negated by the shift of diodrast from the erythrocytes to the plasma. At low plasma concentrations, when the two substances are almost equally excreted, the shift of diodrast may increase the renal vein plasma concentration, and thereby produce the apparent, lower renal extraction of diodrast with the consequent, apparent, higher renal plasma flow. The suggested shift must be so rapid that it cannot be prevented by almost immediate centrifugation of the renal venous blood. At high plasma concentrations, the percentage of plasma diodrast excreted by the tubules is small. Consequently, the plasma/erythrocytes concentration ratio is only slightly changed and the influence of the shift not measurable.
SUMMARY
Injections of PAH and diodrast were given simultaneously to 17 healthy human subjects. In 15 of these, renal venous blood for repeated analyses was obtained by venous catheterization.
When the plasma concentrations of PAH and diodrast were low, the proportions between both their respective percentage renal extractions from the plasma and their respective tubular excretions were remarkably steady.
When the plasma concentration of one of the substances was increased, the percentage renal extraction of both was equally depressed. With increasing plasma concentration, the tubular excretion of diodrast increases relative to the PAH excretion. It is concluded that the two substances are probably excreted by the same mechanism, which, at high plasma concentrations, can transport more diodrast molecules than PAH. It is suggested that a shift of diodrast from the erythrocytes during the passage through the kidney may increase the renal venous plasma concentration. At high plasma diodrast concentrations, the influence of this shift is not measurable, but at low concentrations it leads to a lower, apparent value of renal percentage extraction for diodrast as compared to PAH.
